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Abstract

One of the mostdestructiveseedinsectsof Easternwhite pine (Pinus strobus) is thewhite pine conebeetle
(Conophthorusconiperda).This pestcan destroy entire seedcrops. Early spring prescribedfire controlled this
beetlein a North Carolinaseedorchard, at considerablyless cost than alternativechemicalmethods.Someseed
treeswere damagedbut nonehavedied.Pertinentlife-cycle aspectsof thebeetle,level of control achieved,and
fire behaviorandeffectsarediscussed.Preliminaryoperationalguidelinesfor usingprescribedfire to control the
white pine conebeetleare presented.

R~sum~

Les scolytesdesc6nesdu pin blanc (Conopthorusconiperda)estl’un desinsectesle plus destructeurdesgraines
du pin blanc de l’est (Pinus strobus).Ceravageurpeutd~truiredesr~coltesenti~resde graines. Un brfilage dirig~
effectudau d6but du printemps a r~ussi ~ r~primerce ravageurdansun verger ~ grainesde la Caroline du Nord
et a permis de r~aliser des economiesconsid~rablescomparativementaux autresm&hodes de lutte chimique
utilis~es. Certainssemenciersont subi des d~g&ts mais aucund’eux n’est mart. Certainsaspectspertinentsdu
cycle ~volutif de ce col~opt~resontexarnin6sainsi que le degr~de r6pressionatteint et le comportementet les
effetsdu feu. Des directivesop~rationnellespr6liminairessur l’utilisation du brfilage dirig6 pour lutter contrele
scolyte desc8nesdu pin blancsont pr~sentdes.

Introduction

The white pineconebeetle(WPCB),Conophthorus
coniperda(Schwarz) is the most damagingseedand
cone insectof easternwhite pine (Pinus strobusL.).
In seed orchards, the loss of genetically improved
seed can be particularly devastating.A worst case
example was found in a 1988 damagesurvey of an
Ohio seedorchard where the entire 1988 conecrop
and over 90 percentof the 1989 conecrop (conelets)
had beendestroyedand the terminal shoots(the 1990
cone crop) were underattack by the WPCB (Barber,
unpublisheddata).

Presentedat the 10th Conferenceon Fire andForest
Meteorology,April 17-21, 1989, Ottawa,Canada.

The only effective insecticide is the systemic,
carbofuran (FuradanR)(DeBarr et al. 1982). Over the
pastdecade,a single winter applicationof this chemi-
cal has satisfactorilycontrolled the insecton the 26 ha
white pine planting at the U.S. Forest ServiceBeech
Creek Seed Orchard near Murphy, North Carolina.
However, the recommendeddosageis proportional to
tree diameter,so the amount needed,and thus costs,
escalate as trees grow. Furthermore, below-normal
rainfall from Januarythrough early April is thoughtto
limit insecticide uptake and translocation. Western
North Carolina has been in a severe drought since
1984. The precipitationshortfall is about 1.8 m for the
period 1984-1988accordingto Wayne Swank(personal
communication)of the CoweetaHydrologic Laboratory,
Franklin, NC.
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Environmental concernsalso continue to surface
regarding this EPA approvedchemical. Carbofuran
was last applied at Beech Creek in 1985 at a cost of
about$990 dollars per hectare.Approximately11 ha
were left untreatedthat year to assessthe amountof
beetle damage.On the untreated area, WPCB de-
stroyed 92 percent of the seedcrop.This untenable
level of damageprompted a reexaminationof the
beetle life cycle with an eye towardpossiblecontrol
options.

Adult WPCB overwinter on the ground in fallen
cones (ODell and Godwin 1964). They emergein the
spring and fly into nearby white pines where they
attack developing cones. They lay eggs as they
proceed through several cones by early summer.
Infested conesdie and most fall to the ground un-
opened.The larvaefeedon seedsand interior tissues
of thesedeadcones.There is only onegenerationper
year.

The WPCB thus spends9-10 monthsof the year in
fairly small deadcones in the litter beneathits host
tree-- a habit that suggestsprescribed fire as an
effectivecontrol mechanism.Additional elementsthat
allude to the potentialof fire include: (1) short-term
exposureto temperaturesof 40-500Cis lethal to most
insects, including the WPCB, and (2) seedorchards
are routinely mowed to reduce fuel buildup and
facilitate movementand seedcollection.

USE OF FIRE TO CONTROL RELATED SPECIES

Mellish (1987) and Miller (1978) describedthe use
of prescribedfire to control a relatedpest, the red
pine cone beetle, C. resinosaeHopkins, in red pine
(P. resinosaAit.). Thereare, however,severalimport-
ant differences between the situation reported in
Miller’s work and the one encounteredat Beech
Creek. First, Miller used fire in natural stands that
had beenthinned to serveas seedproduction areas,
whereasat Beech Creek the treesare all grafts and
thus considerablymore valuable.Second,red pine is
much morefire resistantthan white pinewhen mature
(Wilson and McQuilkin 1969). According to Van
Wagner (1970), both red and white pines are very
susceptibleto boledamageuntil the treesapproach30
cm. d.b.h. On the rametsat BeechCreek,graft unions
are generally within one-third of a meter above
ground. The bark above the grafts will remain thin,
evenafter the trees attain considerablegirth. Third,
unlike the red pine seed production areas Miller
studied,the BeechCreekseedorchardin the Southern
Appalachiansis on 30 percentslopes.The uphill sides
of trees are much closer to the ground, and thus
nearera fire than would be the caseon level ground.
Finally, the red pine cone beetle overwinters in
abscisedvegetativebudswhile the WPCB overwinters
in cones,which might provide more protectionfrom
fire.

The budsof both red pine andwhite pine arepreset,
which meansthat once the spring flush takesplace,
anotherflush will not take place until the following

spring. Numerous studies have shown that complete
defoliation during the summerusually resultsin death
(Kulman 1965).Nonetheless,it was decidedto attempt
control of the WPCB with prescribedfire of very low
intensity.

1987 Pilot Burn

The test was conductedon a 1 ha block containing
about 150 trees. The rametswere 20 years old and
averagedabout 28 cm d.b.h. and 13 m in height. An
adjacentareacontainingthe samenumberof treesand
a similar clonal layoutwas selectedto serveas acheck
plot. Herbicide (Roundupk) had been used throughout
the orchard in 1986 to control vegetation in a strip
about 3 m wide within each row of trees.The heavy
fescuesod betweenthe rows had beenmowed during
the fall of 1986, but by March 6, 1987, the dayof the
burn,the succulentregrowthwas about 13 cm tall. On
the morning of the burn, the litter was raked back
about 1 m from around each tree bole, exposing
mineral soil. The debriswas scatteredto minimize the
possibility of hot spots. The litter was raked from
around only half the bole on 15 trees to evaluatethis
procedure.

Weather data were automatically recordedat the
permanentweatherstationatthe orchardoffice located
within 1 km of the burn andat approximatelythe same
elevation. The plot was ignited from a wetline at 12
noon, and burnout occurred about 45 minutes later.
Burning conditions were: drybulb temperature120C,
relativehumidity 25 percent,and wind velocity SE at
5 km/h gusting to 10 km/h. The last recordedprecipi-
tation was 44.5 mm on Feb. 28 (7 days prior to the
burn).

Fire damage to the seed trees appeared minor.
Needleson one or more low brancheson 15-20 trees
were scorchedbut the buds were not damagedso the
branchesall refoliated. Pitch on the boles of 2 trees
that had not beenraked on one side caught fire but
was quickly extinguished.All treeslookedhealthy the
following spring.

WPCB mortality resultsexceededexpectations.Some
infestedconeswere charredthroughout,somepartial-
ly charred, and somejust scorched,but it madeno
difference.All beetlesperishedexceptfor onesample
of artificially placed cones that were extremelywet
(moisture content 198% comparedto the averageof
about65%) in which 5 of 111 beetlessurvived.

1988 OperationalBurn

BURNING PROCEDURES

The 1987 burn demonstratedthe potentialof fire to
safely control the WPCB in easternwhite pine. But
questionsremainedregardingthe practicalityandcosts
of operational-sizefires. The coneletspresentin the
summerof 1987 suggesteda bumperseedcrop in 1988.
The decisionwas thus reachedto burn the full 26 ha
planting of white pine in the orchardin the spring of
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1988,including the 1 ha burned in 1987.The planting
was comprisedof 3 areas,each from a different seed
source, and separatedfrom one another by other
speciesof seed orchard trees,or by oak-dominated
hardwoodforest.Becauseof the largeinvestmenttied
up in eachtree, there was little margin for error --

safety of the treeswas paramount,but no guidelines
existed except for the experiencegained from the
previousyear.Moreover,theperiodbetweensnowmelt
andbeetleemergenceis fairly short and characterized
by wide swings in the weather. Because the steep
terrain was conducive to erosion, no permanentfire-
lines were constructed.

The lower two whorls of brancheswereprunedfrom
the white pines on all threeareasduring the fall of
1987 and the debris removed.Pruningleft the pines
with a clearboleup to about2.5 metersandincreased
the distancebetweenthe ground and crown, thereby
decreasingthe chance of crown scorch during the
burns. However, many of the pruning cuts bledpro-
fusely, resulting in a heavy flow of resin down the
tree stems.The litter was raked from aroundeach tree
bole out to abouta 1 m radiusto help protectthe tree
stemsandto reducethe chanceof igniting theseresin
flows. Although the 1987 pilot burn showedthat very
little of the 2750 kg/ha litter (L) layer had to be
consumedto achievegood WPCB control, increased
forest floor consumptionwould not be harmful to the
treesas long as the 15,000kg/haduff (F plusH layer)
was damp enough to limit consumptionof that layer.

A dry cold front passedthroughthe areaon Feb 29,
and the decision was made to begin burning the
following day even though the forecastpredicted a
very low minimum relative humidity. As long as the
lower duff remained too wet to burn, the major
concernabout low humidity was from a fire control
standpoint.If we saw that too much of the litter layer
was being consumedas the humidity dropped during
the day, or if easy control of the fire becameques-
tionable, the fire could be extinguishedby one of the
two tractor-mountedsprayers routinely used in the
orchard or by a U.S. ForestServicepumper, all on
site during the burn.

At 1030 hours on March 1, 1988, the first fire was
ignited from a wetline along the highestedge of the
areaand allowed to back downhill past the first row
of trees,and then acrossabout 5 to 6 meters (rows
were 9 m apart) of grassbefore reachingthe heavy
litter associatedwith the next downhill row of trees.
Downhill rates of spread were predictably slow
(roughly 20 in/h), and various modifications in the
ignition plan were tested to find a procedure that
would result in a fasterburnout time without unduly
increasing the potential of tree damage.Personnel
patrolling the fire front with 19-liter backpackpumps
to wet down resinoustree boles that appearedto be
getting too hot (in fact severaldid ignite beforebeing
extinguished)were kept busy until an efficient firing
pattern was developed.This patternentailed ignition
of the upper side of the area, letting the fire back
down pastthe uppermostrow of trees into the grass

medianbetweentree rows, thenigniting the bottom of
that grass strip. The upper edge of this second fire
would headacrossthe grassand meetthe fire backing
downhill while the lower edge would itself back
downhill pastthe secondrow of trees.This process
was repeateduntil the bottom side of the area was
fired. Personnelwith backpackpumpssoon learnedto
anticipatepotential problem trees and wet down the
bolesbefore the fire front arrived. Damageto individ-
ual tree crowns was generallyminor (less than 10
percent) except in the draws, where convectiveheat
was channeled.Crown damagewas more extensiveon
trees in draws; the foliage on some was almost com-
pletely scorched.

Many of the mature open cones (moisture content
9%) were consumed,but the closed immature cones
(moisture content 12%) containing the beetles were
not. Moisturecontentof the cutedgrassand ~‘L”layer
averaged13 percentat ignition, dropped to 8 percent
by 1400 hours and recoveredto 13 percentby 1845
hours. Duff moisture rangedfrom 16 to 33 percent.
Much of the litter layer was consumed,but the duff
layerremainedto insulatethe soil andtreeroots.Some
problems were experiencedwithin the 1-in raked
circles. Many easternwhite pine roots were exposed
when the litter was raked from around the trees.
Becausetheselarge roots were at the surface,it was
difficult to removethe duff. Raking was done several
daysprior to the burn,giving any remainingduff time
to dry out. If theseinter-rootpatchesof duff were not
wet-down beforebeing reachedby the fire front, they
invariably ignited.

Flame lengthsof backingfires averaged0.15 to 0.25
ni, andheadfires0.3 to 0.5 m. Backing fire flame zone
width was less than 3 cm. The fire front backing
downhill could not preheatfuels on thesesteepslopes,
whereasthe flame envelopemoving uphill was close
to the groundand preheatedfuels aheadof it. Headfire
flame zone width averaged0.06 to 0.6 m, depending
upon windspeed. Wind gusts frequently tilted the
flamesenoughto makecontactwith the unburnedfuel,
causingignition 0.4 to 0.6 m at a time ratherthan as
a steady progressionupslope. This processstrongly
influencedheadfireratesof spread,which rangedfrom
0.36 to over 1.2 km/h. Fireline intensity also varied
widely from about100 to ssokW/m. Flameresidence
time averagedabout7 to 9 secondsregardlessof fire
type. Burnout on the first areaoccurredatabout1245
hours. By this time the RH had dropped below 20
percentbut no control problemswere noted.About 90
percentof the areaburned.Spotting was not a problem
and no containment problems were encountered,
primarily becauseof the light fuel loads betweenthe
tree rows.

The secondareawas ignited at 1400 hoursusing the
procedure perfected earlier in the day. Much less
crown scorchwas incurred.Someof the duff remaining
betweentree roots in the raked circles was removed
just prior to ignition of the area to eliminate this
sourceof potential damage.Four of the 8 blocks in
this second area were left unburned to serve as a
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control. Relative humidity reacheda minimum of 14
percent and drybulb temperaturepeakedat 140C at
about1530 hours.Fire behaviorparametersincreased
slightly. Backingfire rateof spreadincreasedto about
26 in/h and residencetime decreasedto 5 to 6 sec-
onds. Average headfireratesof spreadranged from
0.22 to 0.3 km/h when flame contactdid not occur
and upwards of 1.1 km/h when flame contact took
place.Maximum averageflame lengthincreasedto 0.5
in for backingfires and 0.8 m for headingfires. Fuel
consumptionincreasedto over 50 percentand some
infested cones were partially consumed.This area
contained the plot burned the previous spring. Al-
though litter fuels were very light, the herbaceous
coverwas completeandcarried the fire well. Burnout
of the last block on the secondareawas completeby
1930 hours.

The final area was ignited at 1015 hours the next
day. Drybulb temperature reached 20’C and the
relativehumidityagaindroppedbelow20 percent.Fire
behaviorwas essentiallythe sameas the previousday.
Little crown scorch was noted but some tree boles
ignited, primarily becausean attempt was made to
burn off severalspurridgesat the sametime resulting
in too manylines of fire for the peoplewith backpack
pumpsto effectively monitor.

TREE DAMAGE

Four weeks after the fires, a damagesurvey was
conductedand treeson the first two areasplaced in
one of 4 crown scorch classes.Forty-nine trees on
Area 1 and 6 on Area 2 were severelyscorched(over
33 percent crown scorch), but all leafed out during
springflush. Mostof the treesin this scorchclasshad
less than50 percentcrown scorch,but eventhe 3 that
lost more than 80 percentof their foliage survived,
The moderatescorch class (10 to 33 percent) con-
tamed94 and 32 treeson Areas 1 and 2, respectively,
Seventy-eighttreeson Area 2 suffered 1 to 10 percent
crown scorch as did several hundred on Area 1. A
total of 335 treeson the Area 2 burns wereunscorch-
ed. Crown scorch on Area 3 trees was not mapped
becausea cursory survey turned up only a few trees
in the moderatescorch classand none in the severe
scorch class. One year after burning, scorchedtrees
throughout the orchard appearedjust as healthy as
unscorchedtrees, except that their crowns looked
thinnerbecausethe brancheswith heat-killed foliage
containedonly 1-year-oldneedles.Since the budsof
eastern white pine are preformed, prescribedburns
should be conductedbefore the spring flush. Other-
wise, extensivescorchis likely to causemortality.

Inspectionof the trees 1 yearafter burning showed
manyhad largepatchesof discolored(brown) surface
bark which appearedto be dead.Thesepatcheswere
primarily on the uphill sideand rangedfrom about0.5
to ~ in aboveground(preciselywhereheat from a fire
would be concentrated).Discoloredpatcheswere also
found on trees in the unburned blocks, but not as
many of them. When heavily pruned, easternwhite

pine is prone to sunscaldwhich could account for
much of the damage.In addition, a mechanical tree
shakerhas been used for the past5 yearsto dislodge
seeds.

S. Oak (personalcommunication),U.S. ForestService
plantpathologist,believesthat thesediscoloredpatches
are simply a result of natural bark maturation,which
beginsfirst on the sides of the trees that are exposed
to higher temperaturesand drying by solar radiation.
Pruning and burning simply acceleratedthe process.
However,subsequentto this analysis,referenceto fire-
causedeasternwhite pinecambialinjury was found in
the literature (Olson and Weyrick 1987). Their re-
search,basedon severaldozenfires over the past 15
years, shows heat injury is indicatedby ~~...rustyred
color and soft spongyfeeling on the outer bark. If this
red color completelyencircles the stem, the tree will
die.” Some of the trees at B’eech Creek are almost
encircledand although they lookedhealthy 12 months
after the March 1988 fires, the demandsof bud break
andfoliage productionthis springshoulddeterminethe
fate of thesetrees.

WPCD CONTROL

Analysis of conescollectedbeforeandafter the burn
showedthat beetlepopulationshadbeendecimatedon
all three areas. Nonetheless,the WPCB killed 66
percentof the coneson Area 1 in 1988. About twice
as many coneswere found to be beetle-killedon the
unburnedportion of Area 2 as on the burnedportion.
On Area 3, roughly 10 percent of the cones were
attackedduring the spring of 1988.

Several hypothesewere developedto explain this
cone mortality in light of the high level of WPCB
control achievedon the burns.Netsare usedto collect
the seedcrop each fall and infestedcones are simply
discarded at the edge of the area. Reexamination
revealedthat many of thesepiles of conesin Area 1
did not show any signs of scorch. The fire never
reachedthesepiles,apparentlybecausethe wetline was
located uphill of them. In addition, a high beetle
population exists in the naturally occurring eastern
white pine adjacentto the orchard.Thesesourcesof
beetlesalongwith beetlesin the unburnedhalf of Area
2 were likely causesof the high incidenceof attack in
the burnedareas.In spiteof theselosses,1988 yielded
a bumpercrop of seed.Over 90 kg/ha werecollected-

- enoughto meet the expecteddemandfor the next 2
to 3 years.

Preliminary PrescribedFire Guidelines

The first 2 years of burning have been a learning
experiencefor all involved. The following guidelines
have emergedfrom this field study for conducting
future burns under easternwhite pine rainets in the
BeechCreek SeedOrchard.

1. Do not burn under conditionsas severeas those
used in 1988. Fire control was not a problem and the
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pines apparently escapedserious damage,but less
intense fires would havedonejust as good a job.

2. Burn all easternwhite pine areasbetweensnow-
melt and at least 2 weeksprior to beetleemergence,
which usually occursaboutApril 1st. Once greenup
occurs,it becomesmoredifficult to backfires through
the grass.

3. Rake the litter from a 1 m radiuscircle around
eachtree and off of exposedroots.Rakejust prior to
burning so any duff remaining inside the circle will
not have the opportunity to dry out.

4. Usewetlines andnot plowlines as firebreaks.
5. Begin burning in the morning as soonas,but not

before,anydew or frost hasevaporated.Shadedareas
not yet reachedby the sun maynot burn. It is import-
ant that the fire coversthe full area so all conesare
heated.

6. Ignite the upperboundarywith a line fire so that
it backsdownhill pastthe first row of trees.Whenthe
fire is 1 to 1.5 m past this first row, the torch person
can bring the flank downhill along a wetline, makea
90 degreeturn and string fire acrossthe area several
feetupslopeof the secondrow of trees.This fire will
headuphill to meet the initial backing fire and back
downslopepast the secondrow of trees.The process
is continued until the lower boundaryof the area is
reached.

7. A wide rangeof weatherconditionscan be toler-
ated.Preferredconditionsincludeadequatesoil mois-
ture (Keetch-ByramDrought Index below 250), fine-
fuel moisture content between 8 and 20 percent,
infested conemoisture content less than 65 percent,
relativehumidity 20 to 50 percent,and drybulb tem-
peraturebelow 150C.

8. Low windspeedfrom a singledirection would be
ideal. Variable winds up to perhaps5 to 6 in/sec can
be easily accommodatedas long as the burning boss
makes appropriate adjustments in firing technique.
Windspeedacrossridgetopswill likely exceedthe 6 m
windspeedregistered at the orchard office weather
station.

9. Completeconsumptionof the litter layer is a
strong indicator that the fire should be extinguished.
WPCB’s will be killed by very low intensity fires
unless the infested cones have an unusually high
moisture content.The cones do not have to be con-
sumed, simply scorching them will raise internal
temperaturespast the lethal threshold.

10. Both tractor-pulled and truck-mountedsprayers
provedvery effective. Foamis not necessary.

11.Backpacksprayersshouldbe mandatory!Wetting
tree boles is tiring but essentialwork. Individuals
must be in excellent physical condition and self
motivated to be mosteffective. The bestpolicy would
be to wet down eachtree bole and all exposedroots
in the clearedcircle just prior to arrival of the fire
front, rather than waiting to see if the resin or
remaining duff catchesfire and then trying to get
closeenoughto extinguishthe flames.

12. Whenevera line of fire is ignited acrossa draw,
this topographic feature will act as a chimney to

concentrateand channelheat up the draw. Any trees
in the draw will thus havea much higher potentialof
beingcrown scorched.

13. These burns should have a minimal impact on
air quality becauseof the light fuel loadingsand lack
of smolderingcombustion.

Summary

The white pine cone beetle is one of the most
destructiveseedand coneinsectsin North America.It
is not unusualto lose the completeeasternwhite pine
seed crop to this pest. The systemic insecticide
carbofuraneffectively controlled this beetle on the
Beech CreekSeed Orchard in westernNorth Carolina
until 1984,but thereafterits usefulnesswas drastically
curtailedby costs and severedrought conditions.This
prompted the “last resort” deci’sion to use fire. When
planning the first trial burn, no guidelines existed.
Basedon the literature,we werebracedfor the distinct
possibility of severe tree damage including some
mortality.

The gamblepaid off. Eventhe few treesthat suffered
over 50 percentcrown scorchappearedhealthy 1 year
after burning.We demonstratedthat WPCBpopulations
can be significantly reducedat a cost less than one
tenth that of chemicalcontrol. We believeevenhigher
levels of control can be achievedby making sureall
infestedconesare included in the areasto be burned.
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